In order to evaluate the erectile function in male renal failure patients treated with hemodialysis (HD), we investigated the International Index of Erectile Function (IIEF) in patients and healthy controls. The subjects were 174 male patients treated with HD, of whom 43 had diabetes mellitus (DM) and the remaining 131 patients did not have DM. The controls were 1133 healthy males. We evaluated the prevalence of erectile dysfunction (ED) using the erectile function (EF) score, which is one of the five domains of the IIEF, in each age group (upto 39 y old, 40 -49 y old, 50 -59 y old, 60 -69 y old). The severity of ED was classified into five categories using EF in each age group. The univariate logistic regression analysis and multiple variate analysis of IIEF in HD patients were performed. The prevalence of ED in HD patients was significantly higher than that in the controls in each age group. The severity of ED in HD patients was also significantly higher than that in the controls in each age group. In the logistic regression analysis and multiple variate analysis of IIEF in HD patients, DM and age were significant risk factors on sexual dysfunction. ED was more prevalent in male renal failure patients treated with HD than in the controls. In the patient group, ED was more prevalent in older DM patients.
Introduction
Erectile dysfunction (ED) is a common complication of chronic renal failure. 1 In a study of dialysis patients, 79% and 61% of males complained of sexual dysfunction and erectile dysfunction, respectively, following uremia and the onset of regular dialysis therapy. 2 In another study, in 53 males with chronic renal failure, erectile disorders occurred in 41.5% and 64.2% before and after hemodialysis (HD), 3 respectively. Abram et al reported that 20% of 32 married, male dialysis patients had no decrease in sexual functioning after the onset of kidney disease or the instigation of dialysis, 45% had reduced sexual potency after the onset of kidney disease, and the other 35% after beginning dialysis. 4 In these reports, the different methods were used for the evaluation of ED. Recently, Rosen et al reported the International Index of Erectile Dysfunction (IIEF). 5 The IIEF has been shown to be a crossculturally and psychometrically valid measure of male ED. The IIEF is a brief, reliable, and valid selfadministered questionnaire of 15 items. The IIEF has high sensitivity and specificity for evaluating the effects of treatment in patients with ED of broadspectrum etiology. In order to evaluate the erectile function in male renal failure patients treated with HD, we examined the difference of IIEF questionnaire between the patients and healthy controls.
22 to 69-y-old (mean 56.1 AE 9.6). The controls were 1133 healthy males, aged from 23 to 69-y-old (mean 45.3 AE 12.6). They consisted of employees of 10 pharmaceutical companies and their fathers, who responded to the IIEF questionnaire. 6 
Questionnaire
We used the Japanese version of the IIEF. 7 The IIEF questionnaire was self-administered in their homes. One hundred and seventy-four out of the 242 male dialysis patients whom were given the IIEF questionnaire responded (response rate; 71.9%). The IIEF questionnaire includes 15 items related to male sexual activity organized into five domains (EF, erectile function; OF, orgasmic function; SD, sexual desire; IS, intercourse satisfaction; OS, overall satisfaction). 5 In this study, ED was diagnosed when EF was less than 26. 8 We evaluated the prevalence of ED by the score of EF in each age group (up to 39-y-old: 11 HD patients and 452 controls; 40 -49-y-old; 29 HD patients and 262 controls; 50 -59-y-old; 62 HD patients and 192 controls; 60 -69-y-old; 72 HD patients and 227 controls). The severity of ED was classified into five categories in each age group: 8 no ED (EF score: 26 -30), mild (EF score: 22 -25), mild to moderate (EF score: 17 -21), moderate (EF score: 11 -16), and severe (EF score: 6 -10).
Statistical analysis
The comparison of the prevalence and the severity between the HD patients and controls was performed using the chi-square test. In controls and HD patients, the relationship between the score of each domain and age was analyzed by simple regression analysis. The comparison of the five separate domains between the HD patients and controls was performed using the Mann -Whitney U-test for each age.
In the HD patients, the univariate logistic regression analysis was performed on the five domains of IIEF versus age, smoking, alcohol consumption, blood pressure, ischemic heart disease, DM, anemia and the overall times of HD. Age group was divided by median (58-y-old). When the level of hemoglobin (Hb) was less than 10 mg=dl, the patient had an anemia. The overall times of HD was divided by median (630 times). The multiple variate analysis was performed on the five domains of IIEF versus age, smoking, alcohol consumption, blood pressure, ischemic heart disease, DM, the level of hemoglobin and the overall times of HD.
Statistical significance was set at P < 0.05 in all analyses.
Results

Prevalence and severity of ED
The prevalence of ED in HD patients at the age of less than 40-y-old, 40 -49-y-old, 50 -59-y-old and 60 -69-y-old was 36.4%, 82.8%, 88.7% and 93.1%, respectively. The prevalence of ED in controls for the same age groups was 30.1%, 29.4%, 44.8% and 70.0%, respectively. The prevalence of ED in HD patients was significantly higher than that in controls at each age group (Table 1) .
The severity of ED in HD patients and controls is shown in Table 2 . In the severity of ED in HD patients at the age of 40 -49-y-old, the prevalence of severe, moderate and mild to moderate were significantly higher than those in controls. At the 
Erectile dysfunction in men treated with hemodialysis Y Naya et al age of over 50-y-old and less than 40-y-old, the prevalence of severe in HD patients was significantly higher than that in controls. Altogether, the percentage of severe ED in HD patients was higher than in the controls at each age group (P < 0.05).
The relationship between IIEF and age
The score of each domain of IIEF inversely correlated with age in HD patients, but modestly ( Figure   Figure 1 Erectile dysfunction in men treated with hemodialysis Y Naya et al
1A -E). The average score of all domains in HD patients was significantly lower than that in controls over the age of 40 y ( Table 3) .
The relationship between five domains of IIEF and various lifestyle factors
The univariate logistic regression analysis was performed on the five domains of IIEF versus aging, smoking, alcohol consumption, blood pressure, ischemic heart disease, DM, Hb and the overall times of HD (Table 4 ). Aging and DM were risk factors for all five domains. EF in the patients with alcohol consumption was relatively higher than for those without alcohol consumption (P ¼ 0.053). SD in the patients with alcohol consumption was significantly higher than for those without alcohol consumption. Smoking, high blood pressure, ischemic heart disease, Hb and the overall times of HD were not risk factors in HD patients.
The multiple variate analysis was also performed on the five domains of IIEF versus age, smoking, alcohol consumption, blood pressure, ischemic heart disease, DM, anemia and the overall times of HD. In the four domains (EF, OF, SD and IS), aging was an independent risk factor ( Table 5 ). In EF, OF and OS, DM was an independent risk factor. Interestingly, alcohol consumption enhanced SD.
Discussion
ED is a common complication of chronic renal failure. In three previous studies of dialysis patients, 45 -64.2% of men had ED. 2 -4 Although Rodger et al described that the incidence of ED in patients with renal failure increased with age, they did not show the data. 2 Other papers did not comment on the relationships between age and ED in male renal failure patients. In this study, the prevalence of ED in HD patients was evaluated in four groups divided For abbreviations see Table 3 . Bold values are statistically significant.
Erectile dysfunction in men treated with hemodialysis Y Naya et al according to age. The prevalence of ED in HD patients was extremely higher than that in controls in each age group. In the Massachusetts Male Aging Study (MMAS), the prevalence of ED was strongly associated with age. 9 These findings demonstrated that the prevalence of ED in HD patients was also associated with age. The severity of ED in HD male patients has not been previously reported. In this study, the degree of ED in HD patients was significantly more severe than that in controls in each age group.
Age is thought to be the most important causative factor for ED. In EF, the average scores of HD patients were significantly lower than that of controls over 40-y-old. The score of EF was decreased with age in HD patients as well as controls. In the remaining four domains, the average scores of HD patients were also significantly lower than that of controls over 40-y-old.
The role of lifestyle factors such as smoking or alcohol consumption in sexual dysfunction was also reported. 9 -11 In our results, smoking was not a risk factor in sexual dysfunction with hemodialysis condition. In the male hemodialysis patients with alcohol consumption, the average score of SD was higher than that without alcohol consumption. Since alcohol disinhibits psychological sexual arousal and suppresses physiological responding, 12 alcohol consumption may increase SD in male HD patients.
In MMAS, the risk of ED was increased with heart disease and hypertension. 9 In the Japanese population, Marumo et al reported that hypertension and heart disease were putative risk factors for ED. 6 Because most of the dialysis patients had hypertension and heart disease, hypertension and heart disease were not independent risk factors in dialysis patients in this study.
DM is the most common causative disease of chronic renal insufficiency. Jungers et al reported that the patients with vascular renal disease and diabetic nephropathy were 22.5% and 20.6%, respectively, in the 1155 patients accepted on maintenance dialysis in 1998. 13 In MMAS, the risk of ED was increased with DM. 9 In a Japanese study, Marumo et al reported that DM was a risk factor for ED. 6 In this study, DM is an independent risk factor of ED in male HD patients. DM is thought to be a risk factor of ED, not only in the general population but also in dialysis patients.
Renal anemia may partially participate in the pathogenesis of sexual dysfunction. 14 In our present study, renal anemia was not an independent risk factor of sexual dysfunction in the male HD patients. Erythropoietin therapy has been shown to improve sexual function in the male dialysis patients, with a direct effect upon endocrine function, as well as anemia. 14 Erythropoietin therapy was performed on 81% of HD patients in this study.
Overall times of dialysis was not also a risk factor in this study. Rodger et al also reported that the incidence of ED was not related to the duration of dialysis. 2 The present study demonstrated that ED was more prevalent in patients treated with HD than in the controls. In addition, aging and DM have been considered to be putative risk factors for ED in HD patients. These findings suggest that the IIEF may be suitable for assessing epidemiology of ED. For abbreviations see Table 3 .
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